Aim. The aim of this study was to use the beta-titanium alloy Ti38Nb6Ta for production of a new construction line of implants, perform testing on animals and preclinical tests. Materials and Methods. Within this study, a new PV I implant with five construction variants was developed. The implant includes three types of threads -microthreads and flat threads of two types with a different depth. Further, the PV I implant was tested on minipigs. Subsequently, preclinical tests of 150 implants were performed and assessed. The age interval of patients was from 18 to 74 years. Results. Beta titanium alloy exhibited higher strength than titanium alloys. Anti-corrosion resistance was also higher. The implant from beta-alloy was inserted in the tibias of minipigs. Sections showed good osseointegration of the PV I implant. During the preclinical tests, 150 implants were inserted with the success rate of 99.33% after the two year assessment. The assessment also included handicapped patients who are not usually assessed in classical studies. Finally, the implantation protocol and documentation of a new implantation system PV I was designed. At the same time the industrial sample of this implant was formed and accepted. Conclusion. A new anti-rotation PV I implant with microthreads and conical anchorage of the abutment into the fixture was formed. The beta-titanium alloy Ti38Nb6Ta used for the implant was biocompatible and had higher mechanical and physical properties than the existing titanium alloys. The PV I implant was recommended for clinical application.
INTRODUCTION
Dental implantology has become a standard competence in treating dental defects. A number of dental implantation systems have been developed, namely endosteal using metal alloys and ceramics. Alloys of titanium Grade I-V with the addition of Al, V, Mo, Zr, Ta, Hf, Nb for the improvement of healing and functioning properties of these implants are preferred due to their biological and mechanical-physical properties¹. Their specific characters lie in their construction, shape, anchorage of the abutment, surface modification and inserting instrumentarium [2] [3] [4] . The main objective of implantology is to achieve in a shortest possible time after insertion into the tissue the optimal permanent tissue integration in a wide range of clinical indications, also in handicapped and risky patients. A special attention has been paid to a shape of implants, shape modification of threads in relation to the bone, surface modification by coating or using some other treatment, e.g. electroerosion etc. 3, 4 . In the two stage implants, perfect initial stability of the implant and perfect anchorage of the abutment are essential to avoid the implant loosening and prevent penetration of secondary infection. In relation to the above mentioned, it has been demonstrated that titanium alloys with the additional components of Al, V are not biologically fully optimal 5 while the addition of Nb, Ta, Zr, Mo, Hf have been confirmed as more suitable 6 . In addition, titanium alloy with a modified admixture of metal components must allow processing for achieving a required shape of the implant while keeping optimal mechanical and physical characters after the insertion into the soft tissues and bone (e.g. module of flexibility). Our previous studies have demonstrated suitability of the beta -microstructure of the basic titanium alloy 5, [7] [8] [9] . Within the activities of the SVC (Stomatological Research Center) in 2005 -2011 aiming at achieving the above mentioned requirements, after continuous biophysical tests, beta-titanium alloy Ti38Nb6Ta was developed and filed for patent rights 6 . Subsequently, from this alloy five types of PV implants (PV I -PV V) with modified threads and perfect connection of the abutment into the fixture were newly designed. The tissue integration of these implants was checked experimentally in the scope of the international collaboration 5 . This study presents construction and first results from preclinical tests of PV I, which was the most type.
MATERIAL AND METHODS
The PV I implant was designed as a two-stage dental implant with anti-rotational and anti-peri-implantation features. It consists of a cylindrical fixture with a conical apical end (Fig. 1) . The edge of the coronary part was beveled to allow a deeper insertion of the implant into the bone and prevent a higher stress and associated resorption of the bone (corticalis). The threads in the fixture were pre-drilled and consisted of three parts:
The first -coronary part contained microthreads.
The second -threads of the middle part with a pitch of 0.6 mm and depth of 0.25 mm
The third -apical part consisted of threads with a pitch of 0.6mm and depth from 0.3 to 0.5 mm.
The treads of the second and third parts of the implant had flat profiles, which classifies them as very good threads in terms of stress -bone ratio. Further, two trenches in the apical part allow condensation of the bone during the implant insertion. The coronary part of the implant was beveled to reduce the stress in the cortical bone and polished for a smooth contact with the soft tissue.
The inner part of the fixture contained a coil for screwing the abutment, square prism as an anti-rotation feature facilitating the insertion of the implant and stabilization of the abutment, and finally self-locking angel providing a firm implant-abutment connection and preventing the peri-implant disease development. The abutment consisted of a screw for fixation in the fixture, a square prism fitting into the fixture with conical broadening for a tight connection. The abutment itself in the gingival part allowed the least possible dead space to be formed in the transition area between the bone and gingiva.
Subsequently, testing on animals was conducted in collaboration between the Stomatological Research Centrum (SRC) and Tokyo Medical and Dental University. Oneyear old minipigs were used as laboratory animals as their bone tissue is similar to that of humans. The implants were introduced into the tibias of pigs and evaluated after a month on the sections. Testing of implants were at two minipigs. Now the variant with beta-alloy corresponded two implants. It was found that implant healing by osseointegration has been fully. This experiment was approved by the Ethical Commitee of Japan. This study assessed only the beta alloy implant sections.
Preclinical tests performed within the SRC project and other application tests included insertion of 150 implants of PV I type. Before implantation, each patient was informed about the preclinical testing and then enrolled into the protocol. The material for the pre-clinical tests was wholly bioinert.
The implants were used as solo pillars, in connection with teeth or without the tooth-implant connection and implants in the toothless jaw. Totally 83 implants in 37 females and 67 implants in 28 males were introduced. The age interval of patients was from 18 to 74 years.
RESULTS
The beta titanium alloy exhibited excellent construction and mechanical and physical properties. Compared to titanium alloys, higher strength was achieved 10 . In addition, anti-corrosion resistance was higher than in the titanium alloys [10] [11] [12] . The insertion of the implant into the tibia of minipigs and evaluation of osseointegration were carried out in Japan. The implants were examined on the bone sections after one month (Fig. 2) . In case of the implant from beta alloy, osseointegration did not exhibit any signs of resorption.
In the preclinical phase, the success rate of the placed implants was 99.33%. This corresponds to one explanted implant removed still during the healing period. In this one case single stage augmentation was performed. There was not any antiinflammation reaction but a stable connection was not a result of osseointegration but fibrointegration. This could have been caused by an error during the insertion, i.e. insufficient primary stability of the implant. In females, the success rate of implantation was 100% in all indications; in males, the success rate of implantations in the indication of the "in-gapped" pillar in connection with the teeth was 95.00%. The success rate of the other indications was 100%. The high success rate reflects a short interval (the assessment after two years) ( Table 1) . Samples of some implantations are shown in RTG images (Fig. 3-5) . Finally, the implantation protocol and documentation of the new PV I implantation system were created (Fig. 6 ).
DISCUSSION
Biotests conducted in collaboration with Japan confirmed the optimal characters of the beta titanium alloy 13 and excellent construction properties of the implants. The threads in the apical part were assessed as very good threads considering the stress-bone ratio 14 . Manipulation with the implants and their insertion was simple and accurate thus the PV I implants have a wide application not only in common indications but also in handicapped patients.
The construction in the cortical part -microthreads and beveled implant apix -ensured minimal resorption in the cortical part of the bone. This corresponds to similar threads used in the AstraTech system of the implants [15] [16] [17] . The abutment, fully and accurately fitting the fixture is another positive feature of the implant construction. Its antirotation design ensures stability of the abutment and exact positioning by self-locking angel impedes penetration of bacteria [18] [19] [20] . One failure occurred in this study shows the importance of the primary fixation of the implant in the bone in the augmentation of the sinus highmori for achieving implant stability. This case showed that the insufficient stability did not lead to required osseointegration thus the required result was not achieved.
Indications of the inserted implants also included risky subjects (24 implants in 7 patients), i.e. patients after resection of the mandibula, after radio-and chemotherapy and also patients with limit (1.8 -2.0) allergy to titan. In all these cases, the implantation and healing were without resorption and complications.
Therefore the PV I system but also other types of PV implants from beta alloy are perspective in terms of long term use in oral implantology.
CONCLUSION
A new implant designated as PV I was developed. It is an anti-rotation implant of a partly conical shape with micro threads in the coronary part. It is anchored by locking angel for the minimal microbial invasion. Beta alloy used for implant manufacturing ensures biocompatibility and higher mechanical and physical properties compared to titanium alloy or pure titanium. Testing on minipigs did not prove any significant signs of resorption on the examined sections. Furthermore, pre-clinical assessment showed excellent results of the implant insertion. The results fully complied with our requirements for implants.
We can summarize that the implant system PV I made from beta alloy and its modification can be recommended for clinical application.
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